INTRODUCTION
Single-molecule magnets (SMMs) provide an excellent opportunity for exploring quantum magnetization dynamics at the nanoscale [1] . The availability of well ordered crystals containing monodisperse 3D arrays of weakly-interacting SMMs enables studies of single-molecule properties using traditional bulk thermodynamic and spectroscopic probes, e.g. electron paramagnetic resonance (EPR). Targeted supramolecular synthesis can then be used to systematically explore the various factors which influence SMM quantum dynamics, e.g. the molecule symmetry, and its coupling to the environment, etc. It has even been demonstrated that one can deliberately engineer interactions between pairs of SMMs [2, 3] , allowing investigation of the coupled dynamics of multiple quantum systems akin to multi-qubit devices proposed for quantum information processing [4] . 4 ] 2 ) were crystallized from different solvents (acetonitrile and hexanes) in order to obtain samples with slightly different intra-and inter-dimer exchange coupling strengths [5] . This compound crystallizes in a hexagonal space group with the two S = 9 / 2 Mn 4 molecules lying head-to-head on a crystallographic S 6 axis. Weak hydrogen bonds linking the Mn 4 units lead to an antiferromagnetic coupling with J ~ 0.1 K. Highfrequency EPR experiments were performed using instrumentation described elsewhere [6] . The resonances have been labeled according to the scheme described in ref. [3] ; the inset shows data for a monomer [7] . Figure 1 displays temperature-dependent easy-axis high-frequency EPR data taken at a frequency of 148 GHz for the [Mn 4 ] 2 dimer crystallized from the less bulky acetonitrile solvent (S = MeCN). These spectra were obtained under virtually the same experimental conditions as those published in ref. [3] (Fig. 3) for a dimer crystallized from the bulkier C 6 H 14 solvent. Several of the resonances (dips in transmission) in Fig. 1 have been labeled according to the scheme defined in Fig. 2 of ref. [3] . The inset displays data obtained at a similar frequency for a Mn 4 monomer with very similar zero-field splitting (zfs) parameters [7] . The differences in the EPR spectra obtained for the monomer and the dimer can be understood in terms of the additional exchange coupling between the two Mn 4 SMMs within the dimer. In particular, the off-diagonal part of this interaction,
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, lifts many of the degeneracies associated with the (2S + 1) 2 uncoupled basis states, |m 1 ,m 2 〉. Consequently, in the case of the dimer, many excited state transitions (~100) compete for intensity as the temperature is raised from 2.6 K. In contrast, only a handful of excited state transitions are observed for the monomer from states which are split only by the axial zfs interaction DŜ z 2 ; hence the regular spacing of the resonances in the inset to Fig. 1 .
Next, we compare spectra obtained for the two dimers (refer also to Fig. 3 of ref. [3] ). The first thing to note is the fact that the signal-to-noise ratio (SNR) is considerably higher for the spectra published in ref. [3] , as compared to the data presented here. We believe that this is primarily due to the smaller crystal used for the present investigation. In spite of the reduced SNR, several of the same transitions are observable (x, a → e) for both samples. Fits to the frequency dependence of the peak positions yield essentially the same zfs parameters (D = −0.7 K, B 4 0 = −5 × 10 −5 K).
Meanwhile, the intra-dimer exchange coupling strength is weaker for the present sample, i.e. J = 0.1 K for the S = MeCN sample, and J = 0.12 K for the S = C 6 H 14 sample [3] . These differences in J can be attributed to a closer Cl⋅⋅⋅⋅Cl hydrogen bonding contact distance between the two Mn 4 in the S = C 6 H 14 dimer. We note that the closest inter-SMM Mn⋅⋅⋅⋅Mn distance is greater than 4 Å. Consequently, the dipolar interaction within the dimer is at least an order of magnitude weaker than the exchange coupling.
Even with the reduced SNR, it is apparent that many of the fine structures observed in the EPR spectra for the S = C 6 H 14 dimer [3] are not resolved in the data presented in Fig. 1 . This cannot be attributed simply to the difference in the J values for the two samples. One possible explanation could be differences in D strain (inhomogeneous broadening) in the two samples, due to the differences in the volatility of the two solvents of crystallization. However, the main (a) resonances have comparable linewidths, a fact which also rules out J-strain as a source of the differences in the spectra. We therefore speculate that the differences are related to inter-dimer interactions. The bulkier C 6 H 14 solvent leads to better isolation of the dimers and, therefore, to weaker inter-dimer exchange interactions. Such interactions might be expected to affect the resolution of the dimer EPR spectrum in two ways: first, the existence of 3D exchange interactions provides many new quantum mechanical couplings between SMMs [8] , resulting in essentially a continuum of excited energy states, i.e. no sharp excitations; second, inter-dimer exchange interactions might be expected to provide a significant source of decoherence, thus contributing to additional lifetime broadening of the entangled quantum superposition states of the S = MeCN dimer. Time resolved measurements capable of measuring the true decoherence times (T 2 ) associated with the dimer states are needed in order to definitively determine the source of the differences in the spectra for these two compounds. However, the present investigation clearly demonstrates that one can control the quantum mechanical coupling betwen subunits within a dimer.
In summary, we have shown that the EPR spectra for dimers of Mn 4 SMMs are sensitive to the solvent from which the samples were crystallized. We believe that differences in the spectra are caused by interdimer interactions, which are weaker for the better isolated dimers, due to a bulkier solvent structure.
